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Why did you study electrical 
engineering? Physics was one 
of my favourite subjects as a 
youngster. At age 9, a friend of 
mine at school introduced me to 
the fascinating world of hobby 
electronics. With advice and help 
from him, and terrific enthusiasm 
and participation from my father, 
we began to assemble radio 
receivers — the transistor was a 
relatively new device in those days. 
Our grand project and our pride 
and joy was a six- transistor AM 
superheterodyne receiver, which 
took about six months to build 
in our spare time, and worked 
beautifully (or so we thought). My 
delight, however, was tempered 
by the knowledge that I did not 
have a good understanding of how 
transistors or electrical circuits 
actually worked — I had merely 
implemented a pre- designed 
circuit diagram on a readymade 
printed circuit board. This firmed 
my resolve to study electrical 
engineering and electronics at 
university. Were you a good student? I was 
a reasonably good student at high 
school, and moved toward the top 
of my class at university. This was 
quite unexpected because, at high 
school, I had never considered 
myself to be an academically 
oriented person. I suppose the 
thing that maintained my interest 
in academia was that I was 
never satisfied with phenomena 
that were left unexplained or 
inadequately explained. 
What made you switch to 
biology? This was triggered by a 
series of accidents — I suppose 
fortunate ones, in retrospect. 
While studying for a Master’s 
degree in control systems at the 
Indian Institute of Science, I had 
to choose a 6 month research 
project. My professor suggested 
an interesting project in the 
area of ‘biological cybernetics’, 
which was a newly developing, 
interdisciplinary science at that 
time. We set about building a 
device to measure human eye 
movements, and came up with 
a quantitative feedback control 
model to characterize the way in 
which our eyes track a moving 
target. By this time, I had decided 
that I wanted to work at the 
interface between biology and 
engineering. When I went to do 
a Ph.D. at Yale, where I met Gary 
Bernard, an ex-MIT engineer/
scientist who had recently moved 
to Yale to study insect eyes. His 
enthusiasm for bug eyes was 
infectious! Since then, I have been 
hooked on insect vision.
Are you pleased you changed 
field? I am, and I do consider 
myself very fortunate to be 
earning a living by doing 
something that most people 
would consider to be rather 
esoteric. The change has enabled 
me to straddle two fields, and 
occasionally draw inspiration 
from biology and apply it to 
engineering. 
Are there any scientists in your 
field you particularly admire? 
There are a lot of people whose 
science, and approach to science, 
I admire immensely. It would be 
impossible to list them all here. 
But if I restrict myself to people with whom I have worked and 
interacted closely, they would have 
to be Gary Bernard (who taught 
me how to read and write science), 
Adrian Horridge and Allan Snyder 
(both inspired me to ‘think outside 
the box’), Ruediger Wehner (whose 
didactic skills I have always tried 
to emulate) and, above all, Miriam 
Lehrer, who introduced me to the 
wonderful world of bees.
What was the lowest point in your 
career? My career has had several 
ups and downs, as I imagine most 
careers have. I cannot remember 
all of the downs — perhaps 
because memory selectively 
retains the ups, and flushes out the 
downs! But one ‘down’ is indelibly 
marked on my memory: I was 
attending a conference, just after 
I had completed my Ph.D. When 
it was my turn to speak, the chair 
announced the title and speaker. 
Having been seated near the back 
of the auditorium, I proceeded to 
make my way toward the front. But 
I was caught by a deluge of people 
rushing to leave the auditorium, 
and was swept out myself! 
I consoled myself by reasoning 
that my talk was scheduled in 
an inappropriate session. While 
the incident was demoralizing 
then, I find it rather amusing 
now — although I would not wish 
such an experience on anyone!
What is your approach to 
science, and to the way you 
present it to your peers and to 
the lay audience? I have always 
believed that the questions that 
are posed should be simple 
and straightforward, and the 
experiments that are designed 
to address them should provide 
clear, unequivocal answers. I also 
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What is contingency? Chance, 
in a word. For instance, all living 
sea urchins, sand dollars, heart 
urchins and other echinoids are 
descended from one (possibly 
two) species that survived 
the great End-Permian mass 
extinction 252 million years 
ago. As it happened, this one 
group had two columns of 
plates in the test between the 
‘petals’ that one sees on the 
surface of a sea urchin or sand 
dollar.  Consequently all the 
descendents also have these two 
rows of so-called interambulacral 
plates, while in Permian species 
the number of rows of these 
interambulacral plates varied from 
one to eight. One can argue that 
the group with two plates was 
somehow better adapted, or that 
they simply survived by chance. In 
truth, either possibility is equally 
likely. Because we only have a 
single case, we have no way to 
choose between the two. 
How do we know? We don’t! 
The extent of convergence 
(similar morphologies from 
independent lineages) has 
been revealed by phylogenetic 
analyses of many different 
groups. Such studies show that 
convergence is ubiquitous at 
many different taxonomic levels. 
But contingency is much harder 
to test for. Stephen Jay Gould 
was the most famous proponent 
of contingency. In his 1989 book 
Wonderful Life he argued that a 
plethora of phyla arose during 
the Cambrian diversification of 
animals and that chance played 
a significant role in which groups 
survived and which disappeared. 
He famously argued that if 
one ran the experiment again, 
priapulid worms might be as 
familiar as annelids are today.
Never heard of priapulids? That’s 
just the point! In case you care, 
they are a phylum of predatory 
worms. There are less than 20 
species of priapulid now, but 
they were quite successful in the 
Cambrian.
Why does this matter? Gould’s 
claims of contingency incensed 
some evolutionary biologists, 
because they were seen as a 
challenge to the primacy of 
adaptation in controlling the 
history of life. In truth, neutral 
evolution and genetic drift had 
already raised doubts about the 
pervasiveness of adaptation. But 
if contingency is as ubiquitous 
as Gould claimed, then adaptive 
selection may play less of a 
role in evolution, at least over 
longer time scales, than many 
evolutionists would accept. But 
as Darwin noted, selection is 
daily scrutinizing each individual, 
whereas the unselective filtering 
by contingency may happen even 
less frequently than a blue moon. 
So, convergence due to selection 
and contingency may operate on 
completely different time scales.
And how does constraint figure 
in? We recently showed that 
Palaeozoic snails repeatedly 
discovered the same limited 
set of shell forms. This seems 
to be due to a limited range of 
solutions to a particular problem 
snails faced during this time, 
principally ensuring the flow 
of currents through the shell 
did not mix. In this case, there 
was ongoing variation in shell 
form, but the limited range of 
viable solutions constrained 
the evolutionary history of 
different groups of snails so 
that they converged on similar 
forms. When predators on snails 
became more abundant in the 
past 200 million years the rules 
of the game changed. Protection 
from shell crushing was more 
important than water flow, and 
new shell forms appeared. In 
fact, several shell forms that were 
fabulously successful for over 
400 million years turned out to 
be a very bad idea indeed once 
crabs appeared on the scene.
Why don’t elephants have 
titanium legs? Although the 
American National Football believe that a hallmark of good 
science is that it can be explained 
concisely in simple, jargon-free 
terms to a non-scientist. Karl 
von Frisch, the famous Nobel 
laureate who championed the 
study of honeybee behaviour, is 
said to have commented that a 
good scientific seminar should be 
organized in three parts. The first 
part should consist of material that 
the audience already knows, so that 
they feel comfortable with the topic. 
The second part should present 
material that the audience does 
not know, but can grasp easily, so 
they realize that the speaker can 
actually teach them something new. 
The third part, according to von 
Frisch, should be so complex and 
incomprehensible that the audience 
is overawed! I have to disagree 
about part three — I do my best 
to confine my talks to the first two 
parts. Personally, I find it hard to 
be swayed by a talk that I do not 
understand.
In your opinion, what are some of 
the major, unresolved questions 
in your research area? Biology 
is replete with enigmas, which 
is what makes it so challenging 
and interesting. One of the major 
enigmas in my general area would 
have to be the nature and the 
organization of memory. Although 
we have tantalizing hints about 
the neural mechanisms that 
might underlie simple forms of 
learning, we are still completely 
at a loss to explain the early 
observations by Wilder Penfield, 
revealing that the brain appears 
to store a vast amount of detailed 
information about past events at 
a subconscious level — a level 
that is not normally accessible 
at will. I am also fascinated by 
the neural basis of physical pain, 
and of emotions such as anger, 
disappointment, frustration, 
anticipation and joy. It would be 
very interesting, in my opinion, 
to explore the extent to which 
these sensations are present in 
creatures with relatively simple 
nervous systems, including 
invertebrates.
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